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UZ^caiSSXUH-ZXXlCONIUH AtiLOYXNG 

fieijd of the invention 

5 The present invention relates to the addition of zirconium 
to pure magnesium or magnesi\jm alloys and to nhe 
preparation o£ magnesium- zirconium (Mg^-Zr) alloys, 
including Mg-Zr master alloys - 

10 BACKGROUND TQ THE INVENTION 

Zirconium is a potent grain refiner for magnesium alloya 
which contain negligible iuaoxmbs of elements with which 
zirconitam forms stable con©ounds, such as Al, Si, Fe, Ni, . 

15 Co, Sn and Sb, Zirconium additions of about 1% by weight 
to such magnesium alloys can readily cause the grain size 
to clecrease Iqy 80% orNXucre under normal cooling rates, The 
exceptional grain refining ability makes zirconium an 
iioportant alloying element for magnesium alloys that are 

20 not based on alloying with JU. ana Si. For example, 

zirconitim containing Kg-R£-Zn alloys such as EZ33 (Mgr- 
3-3RB-2-7Zn-0-6Zr) and ZE41 {Mg-l.2RE-4.2Zn-0.7Zr) of fer a 
specific combination of elevated temperature and room 
temperature properties which are not achievable with ths 

25 Ifi7-Al-Zn alloys. 

The solubility of zirconium in molten pure magnesixim is 
approximately 0.6%, which slightly increases with 
increasing melt nemperacure . It has been reported that the 

30 most characteristic feature of ciie microstruccxzre (x£ a 

magnesium alloy that contains more than a few tenths per 
cent soluble zirconium is the zirconium- rich cores that 
exist in most of tbe magnesium gr-ai-xis. The«e zirconium- 
rich cores are believed to be the products of peri tec tic 

35 solidification. In order to achieve excellent grain 

refinement in commercial production, it is desirable to 
dissolve the full zirconium content (ie, about 0-S%) in a 
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Over the decades various approaclies to introducing 
zirconiiain into xuolten magnesium laave been esqplored, 
S including: 

(a) alloying with, different forms of zirconium • 
menal 

(h) alloying with zsirconiim sponge; 
(c) alloying with Zn-Zr master alloys; 
10 (d) alloying with ZrOa; 

(e) alloying with various zirconium halides or 
con^lox halides or a mixture of halides 
and/ or compleac halides with different salts 
such as NaCl, KClr BaClg, NaP, KF, etc; and 
.15 (f) alloying with Mg-Zr master alloys. 

The advantages and disadvantages of each of these 
approaches have been discussed in detail by Saunders and 
Stricter (W. P. Saunders and P. P. Strieter, ^Alloying 

20 Zirconium to Magnesium" , Transactions of the American 
Foundrymen's Society, 1952, vol. 60^ pp. 581-594) 
and Emley (E. F. Emley, Pxrlnciples of jBtognesium 
Technology^ r Pergamon Press, Oxford, 1966, pp. 127-155). 
Since about I960, only Mg-Zr master alloys have been in 

25 widespread commercial use as sources of zirconium for 

alloying with magnesium, aaaes© Zr^rich Mg^zr master alloys 
are made by chemical reduction by magnesium of salt 
mixtures based on zirconium fluorides or zirconium 
chlorides. Both types of master alloy axe essentially the 

30 same and contain about one third their weight of 

zirconium. One of them, developed by Magnesium Elektron 
Ltd (MEL) in about 1945 via chemical reduction of a 
complex zirconium fluoride with molten magnesium, has been 
long known as Zirmax (trade mark) . A similar type of Mg-Zr 

35 master alloy was developed in the United States based on a 
chloride salt reduction process- • 
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Zinxvax type master alloys remain the prinuiry zirconium 
alloying material used for the comercial production of 
zirconium-containiug inagnesi^jm alloys, Zinoax conta:Lns. 
approximately 33% zirconixm and 67% magnesixm euid most of 
S the zirooniiom is present as various sizes of zirconiiam 

. particles {mostly in the range of soobmicron to 10 juu) in a 
roagnesiuja matrix. 

prior to Zirmax type master alloys becoming the standard 
10 source o£ zirconium for zirconium-containing magnesium 
alloys, alloying with various forms of zirconium metal 
were investigated- 

fiauerwaid published work on alloying zirconium metal 
15 powder to magnesium in 1947 (V. F. Sauerwald, -Dus 

Zustandsdiagram uagnBsium-zlrkarmivia' , Zeitsctorift fur 
onorganische catemie'. , ^947. Band 255, pp. 212-220), He 
added 5 wt% airconium metal powder to magnesium under an 
argon atmosphere at various temperatures between 680 and 
20 llOCC Soliible zirconium contents exceeding 0-5 wt% 

(saii«>les were digested in HCl acids) were obtained at all 
. temperatures tested. In the same year, Ball reported work 
(C. J. P. Ball, -HBtallwrgiaL' , 1947, Vol. 35, pp. 125- 
129; 211) stating that metallic zirconiim dissolves in 
25 magnesium under an argon atmosphere at 900-1100 "C but that 
it was a difficult and costly process. Operating at such 
tentperatures is not commercially feasible in view of - • 
vaporisation of magnesium. Emley reported in 1948 (E. F. 
Bmley, -Discussions ot ens Fe^aday society. 1948-49, vol, 
30 47. NO. 4, pp. 219) tuac as zirconium metal powder irs 
expensive and highly inf lainmable. it is natural to 
consider the possibility of alloying by a reducible 
zirconium compound . 

35 In 1952, Saunders and Stricter reported their 

investigations in which different forms of metallic 
zirconium, (ie, zirconium sponge, fused zirconium, xod^de- 
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decoinposeca cauctile zirconiuia, and zirconium powder) were 
investigated as zirconium alloying materials for magnesium 
at 760 •'C (1400 P) . The fused lump zirconium was added as 
6,35-mm (U-in.) pieces in a small steel ladle and stirred 
5 in tlae la.dle with a steel rod. No apparent solution had 
occurred after 30 minutes of stirring, i^alysis of the 
melt showed a result of 0,03% soluble zirconium content 
with 1% zirconium addition. Iodide zirconixxm sheet, rolled 
CO a±>out 127 - 254]im (0.005-0.010 in.) and cut into 6.35mm 

10 (14- in.) squares was added in a manner similar to that used 
for Che fused lunqp zirconium. It was stirred for several 
minutes in the ladle. It was found that after 65 minutes 
of holding at temperature, the resultant soluble zirconium 
content merely reached 0.1% with 1% zirconium addition, 

IS The use of zirconium powder was evaluated by adding it in 
various ways because sirconivoa powder is pyrophoric and 
some means of protecting the powder from oxidation had to 
be applied. Zircoixium powder was pelleted with varioxxs 
binders, zirconium powder was enclosed in tight magnesium 

20 capsules., zirconium powder was coropacted with magnesium 
powder, and zirconium powder was used in the form of 
sintered zirconium powder bricj^uettes . In general, with 3% 
zirconium addition to a I^-5Zn melt, the resultant 
zirconium content was reported as varying between 0.7 and 

25 0.85%, The solxxbility of zirconium in magnesium is 

influenced by the presence of a third element. It was 
r^ortcd that with th© preeeno© of Zn at a level around 3- 
4%, the solubility of Zr in magnesium could be increased 
from 0.6% to slightly over 0.7% and 5% zinc increases the 

30 solubility of zr in magnesium to about 0.8%. ''•^ 

According to Saunders and Stricter, of the various 
metallic roxms of zirconium tested, alloying with 
zirconium sponge demonstrated the most promising results - 
35 The zirconium sponge used was made by the Kroll process 
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I (a) zirconium tetrachloride i« produced by the .action o£ 
chlorine and carbon on a zirconiian oxide such « 
baddeleyice (ZrOa) of zircon (ZrSi04) 
2r02+2Cl3+2C O00'C)->ZrCl4+2C0, or 
S ZrSi04+ACla+4C (SOO'C) -*ZrCl4+SiCla+4CO; 

(b) the resultant ^lircoixluiii tetrachloride is separated 
from iron trichloride (£rom iron impurities) and 
silicon tetrachloride (if present) by fractional 
distillation; and 
10 to the purified zirconium tetrachloride is reduced by 

reaction with molten inagneeium under argon to produce 
^zirconium sponge- - zrCl,+2Mg (llOO'C) ^Zr-.2MgCl2) . 
in their experiments, the sponge was essentially ground 
with the average size being reduced to about 12.7 or 
15 0 0005 in. The results showed that zirconium sponge 

produced a soluble zirconium content of about 0.62-0,66% 
in Mg-5Zn alloys with ■3% zirconium addition after 3-4 
i^nutes stirring. With 1* zirconium sponge -<^^J^-' 
soluble ziirconium. contents in the range of 0.32 to 0 52% 
20 were achieved. Furthermore, the authors found that the 
alloying efficiency decreased when the sponge fragments 
were decreased in si.e because when the particK^s became 
finer powder, the material burned up before it could be 
submerged beneath the melt. Therefore, some means o£ 
25 protecting the powder from oxidation had to be applxed. 

Despite the excellent alloying results demonstrated by the 
work of Saunders and Strieter with KroU process zirconium 
sponge, alloying zirconium sponge to magnesium was xn 

30 general limited to laboratory scales. As re.lxsed ^d 
pointed out by Sa^dexs exxd Strieter. "an i^ortant 
disadvantage in the commercial use of sponge xn the 
„^ene.ium alloying field is the rather laborious effort 
required to alloy the material". -This laborious effort 

35 apparently refers to the grinding process because the 
alloying process employed, ie, 3^4 minutes of stirring, 
was plainly simple. In addition, the unavoidable 
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contamination problem arising from tHe grinding, process is 
another ircportant disadvantage in tlie coiomercial u^e of 
zirconium sponge. 

5 in principles o£ K^gn.sivm reabnolagy, Eml«y similarly 
coimaented about alloying ^.irconium metal to >^gn«s^um: 
•pure .irconi^ metal is expensive by any route and v^ry 
inflainmable in powder form, and for these reasons, coupled 
with the ease with which it becomes contaminated watb ^ 
10 o^gen. hydrogen and nitrogen, the approach via zirconiniu 
metal is not obviously the best", 

E^eriments have indicated that in oon«a«rcial production 
of magnesium alloys, when Zirma^c i3 dissolved into a 
X5 . magnesium melt at c«amercially useful addition rates, 

unLsolved zirconium particles can be readily observed .n 
the inicrostructure 'bf ^^e magnesium alloy produced (Ma 
Qian, Zheng, D. Graham. D, H. StJobn and T. Frost. 
•SetWinff of undissolved zirconium particles xn pure 
20 ^^^iw^ -elte". Journal of Light Metals, 2001 Vol^l, 

KO 3. pp. 1S7-165 and Y. Tamura, N- Kono, T. Motegx and E- 
. Sato, '^Gx-ain refining mechani^in and casting structure of 
m-Zr alloys" , Journal of Japan Institute of Light Metals. 
1998, vol. 48, NO- 4, pp. 185-189). Many of these residual 
25 (undissolved) zirconium particles have an average sx.e of 
around 5 Jiro- 

^e density of zirconium is 6.5gcm- whereas the density of 
„.olten magnesium is 1.6gcm-. Zirconium particles 
30 therefore have a .trong tendency to settle in a ^gne..um 
laelt unless stirred vigorously. The larger the parta-cle. 
the faster it settles to the bottom oi the melt. For 
e^le, a 15-micron zirconium particle has been found 
fall at approximately 40 mra/min to the bottom of a 
35 magnesium melt at 780 "C and is therefore difficult to 
luaintain such particles suspended in a melt at thxs 
temperature. By contrast, when the particle size *s 
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smaller cban 3 microns, it caix be reaeu-xy 
inagnesiuja roelt at tlie same temperature. 

Chax.a>ers Scienee and Technology Dictionary (1991) defines 
S -wsivity- as -Lack of response of metal or loineral 

sLface to clxeodcal attack .uch as would take place wxUx a 
clean, newly exposed surface. Due to various causes, 
including insolubXe film produced by ageing, oK.dat.on, or 
^utaxoination, run-down o£ .^rface energy a. discontxnuxty 
10 lattices; adsorbed layers..." Tbrougbout tlxxs 

specification, tbe ter^ ^depassivate- . «depassivated and 
^epassivating- are to be understood to have meanings 
derived f roia the. foregoing deflation of -pass^tvxty . 

15 gUMMRRY THE INV ENTION 

m a first aspect, ihe. present invention provide3 a method 
for treating zirconium metal, tbe method coit5,rising 
chemically depassivating the zirconium metal. .The 

20 zirconium metal is preferably zirconium sponge with tHe 
method forming treated zirconium sponge. Uhe zirconxum 
sponge may be chemically depassivated by treatment with a 
source of fluoride ions. Ti.e aouree of fluoride xons may 
be hydrofluoric acid. The source of fluoride ions may be 
25 a mixture of hydrofluoric acid and nitric acid. 

The hydrofluoric acid preferably has a concentration 
between 0.10% an<a 50.0%, more preferably between 0 SO* and 
: :rand most preferably between 1.5. and 2.5*, w.th the 
30 acid concentrations calculated as sho«n later in thxs 

Specification. These acid concentration ranges correspond 
Respectively to 0.05 - 50.0 molar, 0.25 - .^63 molar and 
0 76 - 1.28 molar, which may be rounded to 0.05 - 50-0 
molar. 0.25 - 3.0 molar and 0,75 - 1-5 molar. 



35 
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I. a .econd aspect, the present inveution provides a 
method for treating zirconium sponge, the method 
co^ri.ing treating the zirconium .ponge with a solution 
containing fluoride ions to form treated zirconium sponge. 

' zirconium, sponge is preferably a porous agglomerate of 

^ Preferablv, the sponge is formed by the 

zirconiixm grains- Prereraoj-y, 

Kroll process. 

10 Prrf«Aly, »P«W =™«.riae= ,i.coni>™ "^Z^Z in 

i-puxi<:l-. Hafnium is a co-o. .B^xty ^ 
^coni™.. lu oontrasc. Fe. Ki. AX. Si. c Co. ^<^* 
ar. unae.iroJ.le a« t^ay are ali=yi=8 i.^^1™ 
total concentration is pxetarably les» tl«n 1% az^. »ore 
IS preferably less thai* 0.5%. 

preferably, the zirconium sponge is iix the physical form 
of small particles and each particle has a 
Structure, preferably, these zirconi^ sponge partxcles 

20 have the following properties: >,^tween 

the particles have an average sxze between 
0.1 to 10 mm. more preferably between CS 
aiid Sxtutt 

the particles have a minimum size o£ 0.5mm, 
23 more preferably Ijmm. and a maximum size of 

10mm, more preferably Srom 
density of sponge = S.2-6.3g/cm . more 
preferably 5.S-5.8g/cm=» y. 
porosity of sponge (1 - density of 
sponge/density of solid zirconium) - 0.08- 
0.2. mora preferably 0-11-0.15- 
the void sizes on a polished transverse 
section of each zirconium sponge part3.cle 
are in general between 5 and 60 urn. 

35 
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m a third aspect, the present invention provides treated 
zirconium sponge prepared ^ a method according to the 
first or second aspects of the present invention. 

5 AS coi.«)ared with untreated (as received) zirconium sponge, 
treatment of. zirconium sponge in accordance with the 
present invencicn has been found to in?.rove the ability of 
molten xaagnesium/magneaium alloy to dissolve zirconium and 
to form a melt containixig substantially evenly distributed 
10 particles o£ zirconium. 

in a fourth aspect, the present invention provides 
zirconium sponge comprising an agglomerate of zirconium 
particles and having a surface layer containing fluorine 
IS containiiig compounds at^ least partially coating at least 
some of the particles. ^ -Ehe fluorine containing compounds 
are preferably zirconium fluoride conpounds and may be 
compounds of the formula ZracFy-oHaO. 



20 



25 



30 



35 



m a fifth aspect, the present invention provides a method 
of ma^rufacturing a magnesium-zirconium master alloy, the 
method con^riaing the steps of: 

(a) mixing treated zirconium sponge according to the 
third aspect of tue present invention or 
zirconium sponge according to tbe fourth aspect 
of the present invention with molten 
magnesium/magnesium alloy to form a magnesium- 
zirconium melt containing dissolved zirconium and 
zirconitua particles; and 

(b) casting the maonesium-zirconium melt to solidify 
as the magnesium-zirconium master alloy. 

preferably, the sponge is mixed with the molten 
magnesium/magnesium alloy by stirring. 



10 
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a sixth aspect, the present invention provide., a 
xoa^esium-zixconium ^ster alloy manufactured W » method 
according to the fifth aspect of the present invention. 
Preferably, the mascer alloy contains i0%-50%, more 
5 preferably 20%-40%, zirconium in magnesium/magnesivm 
alloy. PreferaJ^ly. at least 90% of tHe zirconium 
particles in the master alloy are si.ed le53 than 5^, more 
preferably less then 3m- Preferably, the average particle 
si»c is less than Spm. 

in a seventh aspecc, rhe present invention provides a 
H^gnesium-zircoriium master alloy containing dissolved 
zirconium and zirconium particles in the substantial 
absence of halide inclusions Wherein 90% of the .irconxui. 
particles are sized leis then Smn, preferably less than 

preterabXy. the »a.ter alloy 1= ca=t a= i=»o«. term 
i. to b« ui^aerstocd to inoludo briquectM, poll." ««1 • 

20 liXe- 

in ^ .iBhO. «P«t, the pr.=ent invention P^^^^es a 

™thod of aaai™ .i^coni,^ - - """""""tw^risina 
■voltezx pagnesi«iu/m,gnesiu» alloy, che m^tbod 
„i»ng treated zirconium apongo accordlro to the third 
aspect of the present linrention or zirconium SPOnS?! 
according to the fourth aspect of the present xnvent.on 
With the Biagnesium/magnesiuia alloy. 



15 



25 



30 



xn a ninth aspect, th. present in^rention provides a method 
of adding zirconium as an alloying element " ■»°^'^^° 
„«gn.siu»/magnesim alloy, the method cor^r.sx^ .dxing a 
maSesium-zlrconium master alloy according to the sixth or 
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3even.l. aspects of tlxe present invention witH the zaolten 
magnesium/magnesium alloy. 

Preferably, tHe axoount o£ zircoaiuBi added t:o the n.olt.n 
Preterapxy, . „ is areater than that required to 

5 inagnesium/inagnee:Lum alloy xs ^^^^^^ zirconium at 

saturate the magnesium/magnesium alloy wxth zlrconx 

the temperature of the melt. 



in a t^ith aspect, the pras^^ invention ^^^^^ff^^^^ . 
,0 Lgnesiu. alloy containing .i.coniu. ^^^^^^^^^^^^^^^ 
acHrding to the eighth or ninth aspect, of the present 



invention . 

RRTBF DBSnRlPTIOM Q T^ THE PIBOBES 



l„ order that ^» i^^-^ ^ ^ '"^^^ w^ers^oa 
there -111 no" ^ l^i^i^' ^ ^ °' °° , 

^:nx:La ax^d c*cr =1^« of the present 

L«Ilti»n with reference to the below mentioned 
20 aecoroanying illustrations. 

Figures 1(a) -(c) =re «i=rog.raphs illuatr«tl»a the orain 

sponge when added to pure »agnesr«n at 730 c. Ml «re 

25 :!=r^graph. are o* th. >^ »-^"==^^^,,^TUr 
pur. .«gx.e.iu«. Fiaur. Kb) is ai:t«. addxtxoia ot Iwt* 
Ltr«>ted zir=oniu« sponge tollov»a by 30 --"^-J* 

stirring, and Figure MO 1= after 
^ther l«t% untreated .irconiu» spo^. followed 1:^.. 

30 lurther 30 minutos ol manual stirring. 

Figures 2 (a) -(c) ar. miorograph= illustratiiig Che grain 
:=g LLit. o. a.-re»iv.d a^d untreat^ ^^-o^- 

— --y: -'jr:::^:^c::ir a. m figures 

35 micrographs are of the aaina umv rf^aure 2(b) is 

1(a) -(c) . Figure 2(a) is pure magnesium, ^^^ure 2(b) 
after addition of lwt% untreated zirconxuza spox^e followed 
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20 



25 
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by two minut.. of manual stirring and tlxen 30 Bdnutes 
holding at 780-C, and Figure 2(c) is after a furtto 
holding of 210 minutes ac 780*'C. 

Figures 3(a)-{c) ar« xaicrograplxs illustrating the grain 
refining ability of treated zirconium sponge of tHe 
present invention when added to pure magnesium at 680 'c. • 
All three Kdcrogras*x» are of t:he same magnification as xn 
the previous figures. Figure 3 (a) is pore magnesium, 
Figure 3(b) is after addition of 1 wt% treated zirconium 
sponge followed by 20 minutes of manual stixrxng, and 
Figure 3 (c) is after a further 10 minutes of manual 
stirring- 

Figures 4 (a) -(c) are micrographs illustrating Che grain 
refining ability of treated zirconium sponge of the 
present invention wW^added to pure magnesxum at 730 C. . 
All three micrographs are of the same magnification as xn . 
the previous figures. Figure 4(a) is pure magnesxum, 
Figure 4.(b) is after addition of 1 wt% treated zxrconxum .. 
sponge followed by 30 minutes manual stirring, "^'^^"^^ 
4(c) is after 30 minutes of holding end then a further two 
minutes of manual stirring. 

Figures 5 (a) -(c) are micrographs illustrating the grain 
refining ability of treated zirconium sponge of the 
present invention when added to pure magnesium at 800 C- 
All micrographs are of the same magnification as in the 
previous figures. Figure 5(a) is pure magnesium. Figure 
S(b) is after addition of 1 wt% treated zirconium sp^n^^ 
followed by 30 minutes of manual stirring, and Fxgure 5(c) 
is after 30 minutes of holding and then a further two 
minutes of manual stirring. 

Figure 6 is a photograph showing the physical form of 
untreated (as received) zirconium sponge particles as used 
in one embodiment of the present invention. 
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Figure 7 is a micrograph showing a view of a typxcax 
xui^scructure of the zirconium sponge particles shovn. 
Figure 6 after treatment in accordance with the present 



invention - 



Figure 8 is a .icrograph Showing » vi^ o£ an alter»ativ= 

6 after «eat««.t in accordance with the present 

10 invention. 

Figure S is a schematic diliar=» lUustrating a ...thod of 
addix-g treated sirc«ii«> sponge to molten masneai-un.- 

15 Figure 10 and 11 show t^ioal Views or the micro=tructur. 
o£^ ingot o£ master alloy produced according to the 

present invention. / '^^^ 

Figures 12 and 13 .how typical views of co«mercially 
20 available Zinnaac inascer alloy, 

.igures 14 ond 15 show typical of 

of an ingot of »»st«: alloy produced according to the - 

present invention. 

Figure 16 is a micrograph showing reaction products left 
on zirconium spon^re particles ter treatment xn 
accordance with the present invention. 

30 J^ftMPIiES 

Comparacive Trial 

An uncreated (as received) zirconium sponge in tne 

35 P^y.ical for. of zirconium sponge ^--^^^^-%°ri^2. 

=*i-.otad The major impurity m the 
<aiamecer was selected ^^T^' ^^^^^tions were: 
sponge was hafnium. The impurity concentreta. 
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=0.8% approx 
= 0.1% 
s: 0.004% 
= 0.001% 
:^ 0.002% 



r^A^ Without treatment in accordance with 

The sponge was added, WX^^t ^agnesit3m 

the present invention, to two sa^i ^^30x^20x25 

^, were collected ^^^^^^^ Zln^^ (see Fig. 1 ^ 

snowed little evidence of ^'^^J^^^l 3 to 6 

Pi,. 2) even when the melt w.. held 

^.curs. wet chemical ^^^^^^^^^^^^^^^^ .^^ed 

contents in che sninples u«xng ^f^, , 

negligible zirconi^n contents « 0.05%). 



,,,| 1 MM. nf Tr-*^-^^^o»^^ 



25 



.fl^T^tical to that used in the Coinparacive - 
Zircouiuia ^^^^^^^^^^^^^ acid solution wlxich . 

Trial above was first uomerseci xn 
was prepared in the following 

45ml of concentrated n^crxc ^^^^ ^ "^^f ^^^^,^1 and 

.oncencraced -V-f roll ^^s .ave acid 

ailuted in water ^/^^^/^ 3% BP. ^ch ec^ate. 

solution of ^P"'^^^^^!^'^'^^ 0.5 .olar HNO., 
to approximately 1.1 i^olar HF and o. 

i«£t in this acid solution for 5 
The .irconium sponge wae i^aice^ted tnac the 

^nutes. Buhhling was ohserved J^io^ 

acid had probahly at le.a ^^^^^^^^^^^ ^aerneath. 
and wa. dissolvxx^ acid solution the zirconium .ponge 

ter removal from ^^^T ^^^^ X^s at 

was rinsed in ethanol and dr..ed 
a^roximately 50°C for 60 laxnutes- Water wa 
35 be a suitable rinsing agent . 



30 
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^ cr=at=d .ir=oniu„ spo«= used in preparloa .Uoys 

a,^ -vin.. The H. solution P-^f ^"^^^^^ 

of l,000rals to give approximately 2-25% HF wn 
to approximately l molar HF. 

.Itcrtxativ. acid solution which wa. successfully used 
Zs :^TZ.^. is . ve^ dilute H. acid solut.on 

and is readily handled. 

Treated zirconiuiti sponge was prepared by iinmersing 
Treatea zxrc .^^^ that used in the Comparative 

airconiuia sponge identxcax to bv 
^ial in a 2% HF solution for 4 minutes followed 
^sing water and diyi^g- ^ -paction product, of the 
^^Lt are evident as the white phase, on the .pon.e 
particles in Figure 16. 

Altbouah it is thought that successful treaUuent involves 
^coougn xt^ j-** t «-><>r4c^^ from tlie 

the dissolution or some physical removal of 
zr surface, we do not wish to be hound 1:^ any theory as to 
why such treatment is effective. 

results ,.t ^f^'J ^"^^^.^ , .lnut«. 

p^tices were ^'^l^J^^" ..ven, 
rinsed with water and dried, ror ea jr 
0 ^^tion «a. collected fro„ a depc^ ^/^Til^' 
ifltendc layers on the surface =1* -^i"— ' ^"^^ 
particles. 
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Table 1 XPS analyses of treatea a»u 
particles 



surface coitposition in atom percentage 
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^cording to energy detected f 

present the Sorm !»rO, in all three cases e«^ed 
JU^. detected P .the treated particle- x. pre.«xt 
the torn of Zr,iFy.oBaO, «** »» xr^i- 

in Ul of «p.rli.«.t. conducted it was observed tnat 
the weis*t of the spouge parUcles aecre==ed wxth _ 
:::ree,L treat-ent ti.e in ^^^^J^^Z,^, 
at the particles disacpeared or the BP «as cons 

.l^houoh we aid not wish to be bound by any theory, it is 
Althousm we oio no ^„.^ J. that the treatment 

presently thought that the iKcbanrsm is that 
results la the oxide film on each sponge Pf^-^^^^ 
p„tially or totally removed and a layer of re.ct.on 

product, .possibly ^f'-^i-^ ::f^::fi:r"X to . 

discontinuons. be^ tomed^» ^tc^Tr elating on "^e 
the formation of the Zr^y.nRiO patct 

long, particles, oxidation cf zir=onl«» '-"-"^^ ^I-nt 

:::Sea or the coacin, would b. ^,^""^7::^^ ' 

Xt is thought that the patches then 

^gnesiu.. leaving parts of th. s^o^ '^^r.^^^^ 
to the molten magnesium thereby providww iresn 
sites for the »ol«n maOTSslum. BSE images have "vealed 
t!;It there are m«.y tiny channels in each sponge p«:t.cle 
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which provides an eKPlaxuation for the disintegration of 
the sponge particles. 

The «b<«e propo«a mechanism is offered only as a p=.=ible 
5 explanation of the «^l-eut»X results and tber. could be 
^er >»ecb.ni«.(e) • ^e present im^ntion „«y incorporate 
but is not to be considered limited by th= mecbanxsn. 
described* 

10 ..^. p^arlon f f «..^^iuji-Zirconi.m Alloy 

. hole was mcbined into » ««ai Piece of ,«g»..i<« i'X.ot 
«d tbe «qalxed plecee of treated ziroonlnm -P"^! 
placed into U» bole « illustrated in Pigure 9 Ttas 
15 Diece of ingot w« then aoickly submerged below the 

^:siu« .^It surface. This allowed the treated ..r=^- 

to be intxod^id directly to the ^It without the 
possibility of it remainl^ on the eurfac^ of the »elt_ 
Le «^roa=b avoided the treated sPonge ^^^^^^J^^ 
the dr^ss and avoided the treated sponge not bexng wetted 
^ the melt. The sponge could be added to -"^f » 
^ioue other ways, such as ^ adding a -"^^"'.^ 
particle., providing that it is successfuUy introduced 
below tlie surface • 

It has been found that. aLtemativeXy. tie zlrconim. 
.po^e particles can be dir«=tly added to the .elt ^e. 
cLt!in circu^tances. »n «=awle is i£ ^^f/^^ 
melt surface is protected with cover ga. .uch as i% SF. 
(balance: 49.5% 00, and 49. S% dry air), and the ■■ 
Icentration of oxygen above the surface of the ^^IW 
melt is therefore very low, the sponge partxdes can be 
Iccessfully added directly providing it is 

Per exas^le. the .irconiu. -^^^-r:!^. th^h a 
at a height of 800 vm away from the melt surtac 
3te.l funnel, where the bottom of the fnnnel xs placed 
just ahove the melt surface. This allows the sponge 
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• ^v•l^. aet into tne melt without being 
particles to Quxckly get into convenient way 

oKidise<a. Tnls ^.3 bee. proved to ^^^^^^ ^^^^^^ 
o£ adding sin^ll « S^) zirconium sponge particl 
magnesivun melts. 

^Ai^A^r. of Che treated zirconium sponge at a rate 
After additxon of c&e trea „i„utes 
of 1% bv weight, the melt was left for a coup 
of ^* ^/^"^ temperature and was then .txrred 

to reheat to the correct cemn 730''C 

• q!*iree temperatures were used: 680 C. 73U 

for 30 minutes. a?hree teinpe different times 

aiid 800-C. cone samples ware collected at ^"^J^ 

the addition o£ the treated zirconium sponge. 

figures 3 to 5 show a typical view of the grain structure, 
achieved from the three tests, respectively. 

. of wet chemical analysis are summarised in Tahie 2 

Results of wet ^^^ivsis results of soluble- 

which lists the wet Chfemical emalysxs r 
zirconium oontents in samples taHen from all three 
alloying tests. 

J 1 T-irconium contents of samples by 
Table 2 soluble and total zirconiuia 

r.i^*Mn<gal emalvsis (%) 




680'C 
1 wt% Sponge 
addition 



730°C 
1 wt% sponge 
addition 




800'C 
1 wt% sponge 
addition 
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AS can be seeu, the soluble zirconium content '^^^^^ 
0 S6% at botl. 730-c and 800«>c after 30 Evin. stirrxng. Thxs 
is very close to the solubility limit of zirconium, xe, 
0 6 wt%, in molten pure magnesium. The soluble zirconxum 

5 contents achievable by addition of the same amount of 

zirconium from Zirmax master alloy hav. heen ^^por^ed as 
generally le.s than 0.5% and are typically around 0.4% at 
720''C - see Y. Tamura, Kono, T. Motegi and E. satio, 
•Graiii refini^sr mechanism and casting structure of Mg-zr 

10 alloys'. Journal of Japan Insciture of Light Metals. 1998, 
vol. 48, WO. 4. pp. 185-189. 'ThB use o£ pretreated 
zirconi^ sponge showed a better recovery compared wxth 
the use of the Zxxmax master alioy. 

15 stability of Treated Zirconium Sponge 

A solution Of 0.4% was prepared by adding 40ml of 10% 
HF to 960ml of water, zirconium sponge identical to that 
used in the Comparative Trial «as immersed in the 0-4% BF 
30 at room t^^erature for 5 minutes and then rinsed xn water 
and dried. - The dry treated zirconium sponge were stored 
in a plastic bag- 

^ter four weelcs o£ storage, 300g of the treated zirconium 
25 sponge particles ware added to 301cg of pure magncsxxm. at 
eso-c a^d .tirred. Chill bar sarnies (25n. in dimeter) 
were cast prior to addition pf the treated zirconxum 
sponge particles, after 30 minutes of stirrxng. and after 
60 minutes of stirring- :;i 

" very aocd ref in<»>eat achicv«l afMr 3- «>lnutes 

Of SCirxing. The =olva>l^ =irco„iun, contenrs 

v^ere 0.38% and 0.69* .espactlvely -fter 30 mnute. of 
stirring which incre^sea to 0.42* and 0.81% «sp.=clvely 

35 after 60 minutes of stirring. 



I 
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► /I zirconium sponge particles in 
^ total o£ c£ "-'•l;^"7.3^ L ^ to . BSO, 

.H. =i« r««e Of ^^^"--rn^U^ .aaiticn of .i«oni^ 
5 rowne"'"" " " • 3irconi«> particles were 

aaaed in two batoxes St^ J ^ ^^^^^ 

wliole alloying process. ""-^ 
i„got mould after 60 -inute, o£ .tirrina- 
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V *^4cal views of ctxe micros tructure 
Figures 7 and 8 3how ^i^g to the gradual 

of tlxe treated .irconxu. '^'"^t;^!^ eL zi^coniux. sponge 
dissolution of the P-^^/^^^^^X;,.,^ i^to u^V 
particle will — ^^^^^^^^t™;,. Production of a 
zirconium particle. '^^^ the melt is 

«f fine zirconium particles xn 
suspension of fine zxr stirring throughout, 

enhanced 1:^ loaintainin^ gentle scirr g 

. ^^it produced as descrihed above 
.he -^-^-™^:^^'L:xds. preferably into chill 
_ - ^Tre^::>,S t^I^eight of each ingot i. not xo^ch 
moulds- preferably oi einpioyed has an 

grater than 500 ^ unleSB the m ^^^^^ ^ ^^^.^^ 

excellent c^^^^--;-^^^ ^^lUr is Preferred. Cov^r 

tsDWeratTire sue* as 68u i. 

oa» should M used during casting- 

of tue mlorostructure 
^i^es 10 aBd 11 =bow 'VP-al v.»» aescriptioB 
Che ingot produced aooo^axn^^o^^^ _ 

, .irconlu. J "e seen, the 

o£ MEL'S Zirmax "-"^^^/^ alloy of Che 

.iroonlu. ^'-j;"„r^^t.eral seller than those 
p^sont .»v«.t^ ";rii%irconi™ particles are al««rs 
present xn Zirroax. i>n»xx 

5 ^ghly preferred as discussed earUer. 

^ ^^,siu«-.irconiu» »a."r alloy oontainina 
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approximately 50wt% zirconium vras prepared by adding 44 Og 
of treated zirconium sponge particles co 440g of molten 
magnesium at 700°C with slow manual stirring for 90 
miQUtes. Figures 14 and 15 are typical views of the 
5 microstructure of an ingot cast on completion of the 

stirring in which the grey particles are zirconium and the 
white phases are magnesium. 

Preparation of Magnesium-Zirconium A llov from Magnesium- 
10 Zirconiw Master Alloy 

Magnesium-zirconium master alloy eontalaiug approximately 
25wt% zirconium (prepared in accordance with the present 
invention) was added to a crucible containing 30kg of 
15 molten magnesium at 730-C. The master alloy was preheated 
to approximately ITS^C prior to addition to the crucible 
and sufficient master >lloy was added to give a zirconium 
addition of approximately lwt%. 

20 Following addition of the master, alloy, the melt was 

stirred with a mechanical stirrer at 150rpm for 5 minutes. 
Thereafter, the melt was allowed to settle for 15 minutes 
and a 30mm thick plate sanqpld (I60inni X 140inm) was then 
sand cast at 730'C. A plate sample of the pure magnesium 

25 was also sand cast at 730-C prior to addition of the master 
alloy. The pure magnesium plate sample had an average 
grain size of approximately 10,OOOlJm. JVfter alloying with 
the master alloy the resultant plate sample had an average 
grain size of 98|Jm, a soluble zirconium content of 0.49% 

30 ajid a total zirconium content of 0.58%. 

It is to be understood that where the word "comprise*, and 
variations such as "comprises- and 'comprising', are used 
in this specification, unless the context requires 
35 otherwise such use is intended to imply the inclusion of a 
stated feature or features but is not to be taken as 
excluding the presence of other feature or features. 
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not. and should aot be taken as. an acKnowledgmeat any 
form of suggestion that such prior art f oims port of the 
S common general knowledge in Australia or elsewhere. 
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1. A method for treating zirconiim metal, the 
Biethod con^^risins chemically depassiv^ting che zirconium 

metal. - 

2 A method for treating zirconxum sponge, the 

method comprising chemically depassivating the :tirconium 
sponge to form treated zirconium sponge. 

3 A method as claimed in claim 2 wherein the 
zirconium sponge is chemically depassivated hy treatment 
wich a source of fluoride ions. ^ 

4. A method as claiirved in Claim 3 ^erexa the 

source of fluoride ions ia an acidified solution 

containing fluoride ions. 
IS s. A method as claimed in daiia 3 i^erexn the 

source of fluoride ions is hydrofluoric acid. 

6, A m^chod for treating airconium sponge, the 
.. method comprising treacixig the zirconium sponge with a 

■ -solution containing fluoride ions to form treated 

20 zirconium sponge. 

7. Treated zirconium sponge prepared toy a 

method as claimed in any one of claims 2-6. 

8 Zirconium sponge comprising an agglomerate 
of zirconium particles and having a surface layer 

25 containing fluorine containing co««>ounds at least 
partially coating at least some of the partxcles. 

9 Zirconium sponge as claimed in claim 8 
wherein the fluorine containing compounds are zirconium 

fluoride compounds, -- 

10 Zirconium sponge as claimed in claxm'S 
wherein the Zirconium fluoride compounds have the formula 
ZrxFy^nHaO. 

11 . A method of manufacturing a magncsxuro- 
Zirconium master alloy, the m«tbod comprising the steps 

(a) mixing treated zirconium sponge as claimed in 

claim 7 or zirconium sponge as claimed xn any one 
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Of Claims 8-10 with moltea magaesium/raagnesiuia 
alloy to form a magnesium- zirconium melt 
containing dissolved zirconium and zirconium 
particles; anfl 

5 (b) casting tHe tnaonesium-rirconiim melt to solidify 

as tlie inagnesium-zirconivun master alloy. 
12. A magneBium-zirconium master alloy 
manufactured by a metW as claimed in claim 11. 

13 A niagnesium-zircoiiium master alloy as 

10 claimed in claiia 12 containing 10-50% by weight zirconium. 

14 A magnesium-zirconium master alloy as 
Claimed in claim 12 containing 20-40% by waigHc zirconium. 

15. A magnesium-airconium master alloy as 
claimed ±n any one of claims 12-14 wberein 90% of the 

15 zirconium particles are sized less then Spm. 

16 A magnesium-zirconium master alloy 
containing dissolved Isirconium and zirconium particles in 
the substantial absence of halide inclusions, wherein 30% 
of the ziirconium particles are sized less then Sjim. 

20 17 . A magnesium-zirconium master alloy as 

clalaaed in claim 15 or claim 16 wberein 90% of tbe 
zirconium particles are sised less tHan Spm. 

18, A method of adding zirconium as an alloyxng 
element to molten magnesium/magnesium alloy, the method 
comprising mixing treated zirconium sponge as claimed xn 
claim 7 or zirconium sponge as claimed in any one of 
claims 8-10 with tUe molten magnesium/magnesxum alloy. 

19. A method of adding zirconium as an alloying 
element to molten magnesium/magnesium alloy, ti^ method 
comprising mining a magnesium-zirconium master ^lloy as 
claimed in any one of claims 12-17 with the molten 
magnesium/magnesium alloy. 

20 A magnesium alloy containing zirconium 
prepared by a method as claimed in claim 18 or claim 19- 
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Figure 1 Optical micrographs showing Ih. s^i" reflning f blltty "^J^^?^ 

rss TaSiiS' .1?;.^- -"^ 

30 minutes manual stirring. 
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FIG 2 




4„ge v.t«n added |° "J!" ■^.'l^lf^.^'Stefa^Slng V^^^^ 'o«owed 
further holdlna Of 210 minutes at temparature. 
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.nonna wh«i aMai to pure magnesium at 680 ^ ^« , ^ sponge, 
followed by 20 minutes manual stimng. an« v / 
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sDonae whan added to pure ■"^S"*™'^,,?!,'^:, ai- adding 1 wt% sponge. 
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followed by 30 minutes maj 

fbllo>wmg (b) and then restmng the men ror 
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Fig. 7 
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Fig. 13 
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